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Monday, March 7, 2011 297avalues ranging from 9.0 to 4.5. The rates of tension recovery (ktr) measured in
pCa 4.5 solution were significantly higher (p<0.002, 2-way ANOVA) in the
preparations isolated from the HLU animals than in preparations isolated
from the control groups (ktr mean values 5 SEM measured in pCa 4.5 were:
7.4550.37 s1 for female control; 9.5450.50 s1 female HLU; 7.7050.46
s1 male control and 8.4250.37 s1 male HLU). The relative content of slower
beta-Myosin Heavy Chain decreased in both HLU groups compared to the cor-
responding control groups (p<0.01, 2-way ANOVA). There was no interaction
for this parameter between sex and unloading condition (p=0.93, 2-way AN-
OVA). The heart-to-body weight ratios increased significantly in the HLU
groups (p<0.0001, 2-way ANOVA) but again there was no interaction with
sex (p=0.84, 2-way ANOVA). If similar mechanisms operate in humans, fe-
male astronauts may be more likely to develop presyncope after space-flights
than male astronauts because their hearts contain a greater relative content of
the alpha-Myosin Heavy Chain when they return to Earth.
1608-Pos Board B518
Molecular Mechanisms Involved in the Rescue of Severe Pulmonary Hy-
pertension by Genistein Therapy
Humann Matori, Soban Umar, Rod Partow-Navid, Andrea Iorga,
Rangarajan Nadadur, Reza Foroughi, Michelle Afkhami, Mansoureh Eghbali.
Previously, we showed that genistein, a soy isoflavone, rescued severe pulmo-
nary hypertension(PH). However, the mechanisms involved in the rescue were
largely unknown. Here, we investigated possible mechanisms of genistein res-
cue of PH. We induced PH in rats using a single subcutaneous injection of
monocrotaline(MCT, 60 mg/kg). By day 21, rats developed severe PH. At
this time point, we started genistein therapy(1 mg/kg/day, subcutaneous) to
one group(GEN) until day 30. The other group was left untreated and devel-
oped RV failure by day 30(MCT group). The control group(CTRL) received
saline. At day 30, cardiac catheterization was performed to assess right ventric-
ular pressure(RVP), animals were sacrificed and lungs and hearts were
dissected. Immunohistochemistry, Western Blot, and RT PCR were performed.
MCT group developed severe PH(RVP 3151 mmHg in CTRL, n=5 vs. 7251
mmHg in MCT, n=7). Genistein attenuated severe PH(4455 mmHg, n=8).
Additionally, the RV hypertrophy index(RV/(LVþIVS)) increased(~3-fold)
in MCT and was restored in GEN. We investigated the role of estrogen recep-
tors a and b(ERa and ERb) in genistein rescue. ERb protein levels were signif-
icantly downregulated in lungs and RV of MCT(~2-fold and ~5-fold).
Genistein restored lung and RV ERb protein levels. ERa protein levels did
not change in PH. PH led to significantly decreased capillary density in RV
and VEGF protein(~2.5-fold) in both RV and lung. Genistein restored RV cap-
illary density and significantly improved VEGF levels in RV and lung. Further-
more, we found a significant increase in lung Caspase-3(~3-fold) and pSTAT3/
STAT3(~3.5-fold) proteins in MCT, which were reversed by Genistein. PH was
also associated with significantly reduced lung Caveolin-1(~6-fold) protein
levels that were restored in GEN. In conclusion, genistein rescues severe PH
through ERb mediated protection, preserves cardiopulmonary angiogenesis,
and restores Caspase-3, pSTAT3/STAT3 and Caveolin-1 in the lungs.
1609-Pos Board B519
Light Mediated Control of Cardiac Excitability
Nobuyuki Magome.
We report the potential for photocontrol of cardiac excitation ranging from the
cellular to the tissue level using the photo-sensitive compound, azobenzene tri-
methyammonium bromide (AzoTAB). Cells and heart tissue were collected
from rats & incubated with 0.1-0.5 mM AzoTAB. Under illumination with
blue light (>440 nM) and in the thermally relaxed state, the trans-isomer of
AzoTAB reversibly reduced the occurrence of spontaneous activity and de-
creased the speed of propagating waves in cardiac myocyte monolayers, to
the point of complete suppression. Illumination of near-UV light (~365 nm)
changed the tertiary structure of AzoTAB to its cis-isomer form and restored
monolayer excitability. In isolated atrial preparations, spontaneous activations
were suppressed in the presence of AzoTAB. The activity returned after the
tissue was illuminated with UV light. We conclude that AzoTABmediated sen-
sitization offers the potential for controlling cardiac excitation waves either
uniformly or in a preferred spatial pattern. The combination of photocontrol
with optical mapping techniques allows one to control and observe wave exci-
tation patterns simultaneously without physical manipulation.
1610-Pos Board B520
Measurements of Power Output in Human Myocardium
Premi Shekar, Mihail I. Mitov, Leonardo F. Ferreira, Mark R. Bonnell,
Kenneth S. Campbell.
Myocardial power output is an important determinant of ventricular function
but few measurements of this parameter have been made using human tissue
samples. Our group has been measuring force-velocity curves, and thus poweroutput, in left ventricular samples obtained from patients undergoing cardiac
surgery at the University of Kentucky. Multicellular preparations are prepared
from previously-frozen tissue samples by mechanical homogenization and
chemical permeabilization. They are then connected between a force transducer
and a motor and maximally activated in a saturating [Ca2þ] solution. Once
force has reached steady-state, the samples are allowed to shorten against
pre-set loads imposed using SLControl software. Panel A in the figure
shows superposed force and muscle-length traces for an isolated myocardial
preparation obtained from the heart removed from a 32 year old male during
a transplant procedure. Panel B shows force-velocity and power curves calcu-
lated from these records. One of the goals of our ongoing study is to determine
whether maximal power output in isolated left ventricular samples improves
after patients are fitted with left ventricular assist devices. Our study will, to
our knowledge,
be the first to
measure force-
velocity and
power output in
preparations iso-
lated from these
patients.1611-Pos Board B521
Myofilament Dysfunction Contributes to Impaired Myocardial Contrac-
tion in the Infarct Border Zone
Rafael Shimkunas, Guan-Ying Wang, Zhihong Zhang, Julius M. Guccione,
Mark B. Ratcliffe, Anthony J. Baker.
Introduction: Following myocardial infarction, adjacent to the infarct zone,
there is a border zone of hypocontractile myocardium that remains normally
perfused with blood. Post-infarction cardiac remodeling may involve progres-
sive expansion of the border zone, leading to heart failure. Despite the impor-
tance of the border zone in post-infarction pump function and heart failure
progression, the cause of border zone dysfunction remains poorly understood.
Goal: Determine the role of injury to the myofilaments in border zone dysfunc-
tion.Methods:We studied sheep hearts, at two and eight weeks after myocar-
dial infarction, and unoperated controls. Myocardial contraction in-vivo was
estimated with a finite element model that was optimized using myocardial
strain measured by magnetic resonance imaging. In-vitro myocardial force
development was measured using cardiac muscle fibers dissected from the bor-
der zone and remote zones of explanted hearts. Muscle fibers were chemically
skinned and in-vitro force measured in activating solutions. Results: Finite
element simulations suggested that border zone contractility in-vivo was re-
duced 50% compared to uninfarcted remote myocardium. Consistent with
this, in-vitro studies found that the maximum calcium-activated force of
skinned fibers from the border zone was significantly reduced (2551 mN/
mm2, n=10) compared to skinned fibers from the uninfarcted remote zone
(3651 mN/mm2, n=10, p<0.01). Histologically, border zone myocardium
showed myocyte hypertrophy; however, there was no replacement fibrosis
that could account for the reduction in myocardial force.Conclusions:A defect
in myofilament force development contributes to impaired myocardial contrac-
tion in the infarct border zone. Injury to the myofilaments in the border zone
may play a key role in heart failure progression.
1612-Pos Board B522
Effects of Cholesterol Depletion on Compartmentalized cAMP Responses
in Adult Cardiac Myocytes
Shailesh R. Agarwal, David A. MacDougall, Richard Tyser,
Sarah C. Calaghan, Robert D. Harvey.
The role of cholesterol-dependent lipid rafts in producing compartmentalized
responses of b1-adrenergic receptors (b1ARs) and E-type prostaglandin recep-
tors (EPRs) was investigated in adult rat ventricular myocytes. b1ARs were
found in lipid raft and non-lipid raft containing membrane fractions, while
EPRs were only found in non-lipid raft fractions. Furthermore, b1AR activation
enhanced the L-type Ca2þ current (ICa-L), intracellular Ca
2þ [Ca2þ]i transient,
and myocyte shortening, while EPR activation had no effect. Cholesterol deple-
tion by treatment with methyl-b-cyclodextrin (MbCD) did not eliminate
compartmentalized behavior but significantly enhanced the sensitivity of func-
tional responses produced by b1ARs. In MbCD-treated cells, 1 nM isoprotere-
nol increased ICa-L by 49þ/- 8.3% (n = 5) as compared to 15þ/- 5% (n = 13) in
control cells. These responses were blocked by the specific b1AR antagonist,
100 nM CGP20712A. Similarly, b1AR activation led to an increase in cell
shortening and [Ca2þ]i transient from 63 þ/- 13% and 18 þ/- 4.1% in control
cells (n = 17) to 188þ/- 19.5% and 35þ/- 4.3% in MbCD-treated cells (n = 22)
respectively. Cholesterol depletion failed to elicit any effect on EPR activation.
Changes in cAMP activity were also measured in intact cells using two differ-
ent FRET-based biosensors: a type II PKA-based probe to monitor cAMP in
298a Monday, March 7, 2011subcellular compartment that include caveolar lipid raft microdomains and
a freely diffusible Epac2-based probe. b1AR and EPR activation elicited re-
sponses detected by both FRET probes. However, cholesterol depletion only
affected b1AR responses detected by the PKA probe. These results indicate
that caveolar lipid rafts alone are not sufficient to explain the differences be-
tween b1AR and EPR responses. They also suggest that b1AR regulation of
myocyte contraction involves the local production of cAMP by a subpopulation
of receptors associated with lipid rafts.
1613-Pos Board B523
Ventricular Mechanics in Intact Rat Trabeculae Under High Frequency
Conditions
Jessica L. Abraham, Sarah C.W. Stevens, Paul M. Janssen.
The refractory period acts as a protective mechanism in the heart by preventing
multiple action potentials from occurring via limiting the frequency of depolar-
ization and therefore heart rate. This is extremely important because at very
high heart rates, the heart would be unable to adequately fill with blood and,
as a result, ventricular ejection would be reduced. Conversely, extremely
high frequencies above normal heart rates are relatively unstable and may
spontaneously give rise to arrhythmic episodes. In our current study, we are
attempting to examine the mechanics of the ventricle under extreme, high fre-
quency conditions. Ultra-thin trabeculae were isolated from rat hearts and
attachedbetween a force transducer and a micromanipulator. The isolated mus-
cle was stretched to an optimal preload, and the force-frequency relationship
(FFR) was established on each muscle by stimulating the muscle to twitch at
1, 2, 4, 8, 10, 15, 20, 25, 30 Hz respectively. There was a positive FFR seen
from 1-8 Hz, which covers the physiological range of frequencies for the rat,
as the systolic force increased from 18.453.3 to 3156.6 mN/mm2; however,
frequencies of 10 Hz and higher exhibited a negative FFR as the systolic force
dropped to 10.152.0 mN/mm2 at 30 Hz. In addition, the diastolic force in-
creased by 3.5 mN/mm2 from 1 Hz to 30 Hz, with an increase in diastolic force
with each subsequent increase in frequency. The relaxation time decreased
significantly from 32.351.1 ms at a frequency of 1 Hz to 22.351.1 ms at
30 Hz. This data suggests that even at extreme, high frequency conditions
that are well above the normal heart rate, the isolated rat trabeculae is able
to twitch without developing arrhythmias.
1614-Pos Board B524
Dynamic Regulation of Myocardium Contractility in Positive Force-
Frequency Relationship
Ying Xu, Paul M.L. Janssen.
Contractility of normal myocardium increases concomitantly with increasing
heart rate, known as positive force frequency relationship (FFR). It has been
shown that systolic Ca2þ transient amplitude is elevated at a steady faster pac-
ing frequency. However, the beat-to-beat basis regulation of a positive FFR re-
mains unclear. We were able to dissect the intrinsic impact of cycle length
changes from slower acting signaling components by using a random cycle
length approach, during which the twitch contractions of right ventricular rabbit
trabeculae at 5 different cycle lengths were randomized around a physiological
stimulation baseline. Using this novel stimulation protocol, we quantified the
intrinsic effect of cycle length on contractile strength, showing that the history
of at least 3 cycle lengths prior to a contraction influences myocardial contrac-
tility under near physiological conditions. In the current project, the random
cycle length approach combined with calcium indicator fluo-4 AM loading
were used to further understand the dynamic myocardium contractility
regulation of FFR to a single beat resolution instead of steady state. Isolated
right ventricular rabbit trabeculae were stimulated using random cycle length
protocols at low and high baseline frequency, 1.43 and 2.86 Hz respectively.
Our data show that at both frequencies, the secondary/tertiary cycle lengths af-
fect cardiac twitch dynamics in the opposite direction than primary cycle length
with decreasing importance as the cycle length is further removed from the cur-
rent beat. Preliminary data show that both diastolic and systolic Ca2þ amplitude
are partially related to force. However, compared to the dramatic change in
force, change in the amplitude of calcium transient during the random cycle
length protocol occurs to a much less extent.
1615-Pos Board B525
Frequency Induced Alterations in Calcium Signaling
Kaylan Haizlip, Paul Janssen.
The Bowditch effect, otherwise known as the force frequency response, is a ma-
jor endogenous physiological regulator of the contractile function of the heart
where an increase in pacing frequency leads to an increase in force. This is crit-
ical in exercise, where the increase in activity elicits an increase in the delivery
of oxygenated blood to the rest of the body. Previous studies in our lab have
shown that at steady state, higher frequencies lead to a decrease in calcium tran-sient duration and alterations in the phosphorylation status of myofilament
proteins. In this study we aim to determine the regulatory modifications that
occur in contractile function, protein phosphorylation, and calcium handling,
during the transition in the intact cardiac muscle. Trabeculae, excised from
the right ventricular free wall of New Zealand white rabbits, are suspended
in Krebs-Hensleit solution and stimulated at 1Hz. Muscles were then incubated
at room temperature with Fluo-4 am calcium indicator dye at50uM for 30-
60 minutes. Dye loaded muscles were then stimulated to contract at 1 Hz
followed by 4 Hz over the course of 4 minutes. Increasing the frequency
from 1 to 4 Hz leads to an alteration in contractile function with a transition
phase occurring between steady-states. Functional data reveals that the transi-
tion phase is characterized by a fast response, in which there is a transient de-
crease followed by a rapid increase in contractile force, this is then proceeded
by a slow response, in which the contraction gradually increases in force until
reaching a steady-state at 4 Hz. Currently, we are obtaining calcium transient
data from the transition phase to correlate the effects of increasing frequency,
force, and calcium flux. Further studies are required to determine the effects of
frequency on post-translational modifications at these transitional phases.
1616-Pos Board B526
Spontaneous Oscillatory Contraction (SPOC): Quantifying the Contractile
Performance of Human Cardiomyocytes
Cristobal G. dos Remedios, James E. Robinson, Renee Whan, Filip Braet,
Yingying Su, Theresia Kraft, Jolanda van der Velden, Steven B. Marston,
Marja Steenman, Peter S. Macdonald, Sean Lal.
SPontaneous Oscillatory Contraction (SPOC) describes repetitive cycles of
rapid lengthening (relaxation) and slow shortening (contraction) observed in
small bundles of striated muscle cells (myocytes). SPOCs can be induced in
both skeletal and cardiac muscles. Here we describe SPOCs in human cardiac
muscle, and in particular focus on SPOCS from left ventricles. All samples
were frozen in liquid N either within minutes of the loss of the blood supply
to the heart (i.e. soon after the aorta was clamped), or within four hours of
surgical removal of non-failing hearts that were perfused with cardioplegic so-
lution, thus reducing post-mortem damage to inhibit spontaneous contractions.
SPOC is best considered as a third state that is intermediate to contraction and
relaxation. SPOC frequency (SPOC period) and shortening velocities correlate
well body size in various animals thus, SPOC is likely to reflect the physiology
of the heart as it functioned in life. Tiny samples (<1 mg) of human immobi-
lized cardiomyocytes are exposed to precise ionic conditions to induce SPOC.
SPOC cycles are recorded at 25 frames per second in bright field yielding high
spatial and temporal resolution information. Measurements of the mean rates of
shortening (systole) and lengthening (diastole), and of the SPOC periods enable
us to determine if SPOC parameters change with age in non-failing human
heart samples. We have examined non-failing heart left ventricular samples us-
ing donors from ages 3 weeks to 65 years. These hearts exhibit a range of heart
rates that correlate with donor age. We also used the SPOC technique to iden-
tify functional defects in samples from patients diagnosed with hypertrophic
cardiomyopathy (HCM) who had undergone cardiomyectomy of the enlarged
interventricular septum. We only examined patients with known genetic muta-
tions in cardiac sarcomeric genes.
1617-Pos Board B527
Mitochondrial Interactosome in Energy Metabolism in Healthy and
Cancer Cells
Marcela A. Gonzalez-Granillo, Minna Karu-Varikmaa, Merle Saarema¨e,
Lauriane Michel, Tuuli Kaambre, Valdur Saks, Rita Guzun.
In this study we investigated intracellular distribution of b-tubulin isotypes,
expression of mitochondrial creatine kinase (MtCK) and their roles in Mito-
chondrial Interactosome (supercomplex formed by ATP synthasom, ANT,
MtCK, VDAC-tubulin and other VDAC-linker proteins) in adult rat cardio-
myocytes, in cancerous HL-1 cells of cardiac phenotype and several other
cancer cells lines.
Immunofluorescent and western blot analysis of adult cardiac muscle cells
revealed the presence of all b-tubulin isotypes with the very regular localization
of tubulin II(b2) corresponding to mitochondrial ‘‘crystal like’’ pattern. Anti-
bodies against tubulin IV(b4) revealed characteristic staining of microtubular
network. Polymerized transversal lines of tubulin III(b3) matched with Z-lines
(alpha-actinin) fixing, probably, microtubular network to sarcomer structure.
Tubulin I(b5) distribution was diffusely spotted and fragmentary polymerized.
In cancer cardiac HL-1 and other cancer cell types MI remodelling is charac-
terized by the absence of II(b2). Additionally, these cells do not contain tubulin
IV(b4) isotype creating micro-tubular network in adult cardiomyocytes and
have diffusely distributed tubulin I(b5) and III(b3) isotypes. Other characteris-
tic of cancer cells was the absence of both sarcomeric and ubiquitous mitochon-
drial isoform of creatine kinase (MtCK). In cardiac cells respiration is
